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SPECTROSCOPIC INVESTIGATION OF ELECTRIC FIELD

FLUCTUATIONS IN A STEADY PLASMA

Our primary goal was to see wha/%her in a steady plasma, electric
fluctuations caused by plasma oscillations were oﬁservable.

To answer this question we looked for plasma satellites induced by
electric field fluctuations in a helium plasﬁa created by an electron
beam. This method proposed by Baranger and Moaer1 predicts the satellite
lines disposed symmetrically in pairs about a forbidden atomic line and
separated from it by the frequency of the glectfic field(oscillations.
Such plasma satellites where observed by-Kunze and Griemz, Kunze et al?
in a theta pinch and by Cooper and Ringler4 in a'steédyeététe aiséhafge'
to which- they applied externally a microwave field. |
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EXPERIMENTAL CONDITIONS

1. Electxon Gun

The constructed‘electron gun uses .a tungsten cathode impregnated with
barium oxide. The beam current density obtainable from thisb cathode is
40 - 50 A/cm2 for microsecond p_ulses,S’6 but we ﬁave used them in a
D. C. mode. Figures 1 and 2 show the experimental setup. The filament of
the cathode is heated with an alternating current through a filament
transformer insulated‘ for 2500 V. The negative high)potential is
applied to the cathode, whereas the anode and the diaphragms are grounded.
The electrons are accelerated in the electric field between cathode and
anode and have a constant speed after the anode. 1In order to.obtain a
Pomogeneéus electric field, the cathode is surrounded by a plate parallel
to the anode, and a tungsten grid is éut across the hole of the anode.

' The emission capability of the cathode depends on its temperature.
Table 1 .shows some heating conditions. The temperature is me?sured at the
rear of the cathode because we cannot see its front.

The electron beam emitted from the cathode (10 mm diameter) is
a little divergent (a few degrees), so the diameter of the diaphragms
have to be the largest possible. We choose 16 mm for the anode and the
first diaphragm (2 and 5 on Fig. 2), aﬁd 7 mm for the diaphragm at the
entrance of the observation cell (7 on Fig. 2). On the other hand, the
distance between anode and cathode which seems to give the best beam is
of the order of 4 mm. Table 2 giveé some electron currents obtained with
these conditioné. We see from this table that most of the electron
beam goes to the anode énd to the diaphragms, and in o;der to increase
the beam in the cell we applied a longitudinal magnetic field created

 with two coils. . ,



Table 1.

Heating Conditions of the Cathode; Pressure 10“5 Torr

A. C.

Powexr supply

H. V.

v

Volts

100
200
300
400
500
© 600
700
800
900

1000

-

20
35
52
72
90
1;0
130
150

155

T(°C)
I
A
3.4
3.9
4.3
4.75
5.15
5.6
5.9 1150 % 50
6.5 1275 + 50
Table 2

Anode .Current

=

~

18
33
49
66
84
105
120
135

140

Current at Collector

0.003
0.16
0.32
0.52
0.77
1.1
1.4
1.9
2.6

2.8



The following table gives the variations of the current with the
magnetic field.
Table 3

Experimental Conditions:  high voltage 1000 y

first coil 100 turns
second coil 80 turns
Coil Current :H. V. Current Anode Current Current at Collector
I(A) I(mA) I(mA) I(mA)
0] 150 135 - 2.5
5 - - -
10 .- . - 2.7
15 - . - 3.1
20 : - T 3.7
25 - - - 4.3
30 - - 5.
35 - . - 7
40 - 130 10
45 - - 125 - 22
50 - 100 44

The results show that the increasing magnétic field gives a higher .final
current, while the current on the anode and on the diaphragms is decreasing.
The power supply used for the coils, gives 50 A at 20 V. In a second
setup we constructed bigger coils in order to increase the magnetic field.
A typical final current obtained with two coils of 170 turns each was then

80 mA. The first coil must be close to the last diaphragm.



2. Magnetic Coils

They were built with 3.5 mn-diameter copper wire; each coil has
170 turns, they are 8 cm long, tﬁe inside diameter is 12 cm and the out-
side diameter is 18 cm. A rough value of the magnetic field at the
observation point which is about 2 cm far away from the end of each

coil, is:

B[Wb/mz] = 1.3 x 107° x I(A)



3. Comment

When we f£ill gas into the cell, the pressure in the electron gun
increases and the cathode is cooled by the gas; in order to obtain the
same electron beam as at the pressure of 10“5 Torr, we have to increase
the power dissipate& in the filament in order to increase the cathode
temperature. However, we cannot increase this power arbitrarily since
‘this would damage the cathode. Consequently, when the pressure increases

in the cell, the electron current decreases.



4, Spectroscopic Apparatus

The spectral range 3000 X - 5000 R has been investigated with a
Jarrel-Ash 0.5 m Ebert spectrometer with an EMI photomultiplier. The

grating,blazed for 5000 X: has 1180 lines/mm. The photomultiplier current

is amplified and displayed on a strip-chart recorder. A typical scan
is shown on Fig. 3. The scanning speed is 2 X/mm. In the second order

with 25 y slits, the half-width of the He I 4471.479 R 2p 3P2.l - 4d 3D3 5
? 3

line is AX = 0.15 X.-



RESULTS

1. Intensity of Various He I Lines

The intensities given in an arbitrary scale, are not corrected for

the sensitivity of the monochromator and photomultiplier.

Experimental Conditions:

Monochramotor: first order, 25 u slits
- grating 1180 %/mm blazed for 5000 2; B ,
He:, p = 5 x 107 Torr
electron beam I = 30 mA,V = 1000 V with magnetic field B = 540 Gauss;

observation between the two coils

A(X) : . Transition Intensity
3888.648 25 s, - 3p BPg,l 168
4387.929 2p 192 - 5a 'p, | 20
4471.5 2p 320 - 4a 3p 59
4713.3 2p “p° - 4s 75, 8
4921.931 o 2p Y - 4atp, 45
5015.678 26 sy - 3p ‘B0 155

3.0 3

5875.7 - 2p “p° - 3d D : 33



2. Electron Density Determination

A value of the Stark broadened electron density Ne can be obtained

from the profile of spectral lines. We use the He I 2p 3P0 -~ 9d 3D

transition at 3587 . At our low densities the 2p 3PO - 4d 3D transition
at 4471 % is essentially not broadened, so its profile can be taken as the

instrumental profile.

A (2) Transition * half-width (AX

_ 1/2
. &)
3.0 3
4471.479 2p-7P, 1 = 4d "Dy, 0.15
3587.270 . 2p 3P0 - 94 3D 0.22
2,1

We obtain thus a true half-width of the 3587 & line, of AA1/2 = 0.07 K.

. . _ 2, .2/3
The relation AX1/2 = C(n") Ne

2 lines above depends mainly on the quantum number n of the upper level.

gives the half-width; the value C for the

Ne is the electron density. The variation of C with n can be determined

, ‘ , 7 . . .
from Gieske and Griem, Fig. 5, and the density can be so -estimated. thus

to

N &3 x 10%% en >
e v



3. Electron Temperature Measurements

The electron temperature in a plasma can be determined from the intensity

ratio of suitably chosen spectral lines emitted by the same element.

A. Intensity ratio of the lines He II 4686 X and He I 5875 X as a function

of temperature.

At high electron densities (Ne > lO18 cm_3) the intensity ratio of the

two lines can be derived from LTE populations of the upper levels. At low
- electron densities, the intensities of the lines and thus their ratio are
determined by corona equilibrium relations. The intensity ratio has been
calculated by Mewe8 fo£ electron temperatures between 2 and 11 eV for the
entire density range 1010 j:Ne j_lOlgrcm_3.

Experimentally we find an intensity ratio of 0.1 without corrections
for the sensitivity change of the monochromator-phetomultiplier system.

The intensity of the He II lines also changes very much with the experimental

conditions (accelerating voltage, magnetic field). We obtain thus approximately

L1686
L5876

0.01 0.1

With this ratio and the determined approximate value of the electron

density
N n 1012 cm_3
e Vv

we can deduce the temperature from the calculation of Mewe:
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1.28 x lOlocm—T3 > 4,1 eV < kTe < 4.7 eV

For N
e

1.28 x 104 en™3

=4
i

> 3.9 eV < kTe < 4.5 eV

We can take

3.9 eV < kTe < 4.7 eV

or

45 x 105 °K < T, < 54 x 10° °K

This ratio has also been estimated by Griem9 for kTe in the range 3 - 7 eV

18 -3 3,

and N < 107" ecm . The deduced temperature 36 X 103 °K < T < 42 x 107 °K
e

is not too different.

B. Helium singlet to triplet method.

This method suggested by Cunninghamlo uses ratios between the ‘
intensities of the lines A 4713 P (23P - 438) and A 4921 ) (21P - 411).
It is éssentially applicable only at low electron densities. One serious
limitation, however, is due to the fact that the cross sections for
excitation to the upper levels are only poorly known. In addition, Drawin ,
and Henningll have shown that the iindlusion of collisions of the
excited atoms with other plasma particles leads to intensity ratios which
‘are much less temperature dependent than assumed originaly by Cunningham.
Tﬁeir considerations show quite clearly, that this method is not suited
of reliable temperature measurements. If we would take our observed
ratio of 0.2, this would lead to a temperature of about 106 °K after
"Cunninghaﬁ, while thi;“ratio should be nearly not possible at allAafter

Ref. 11.
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4. He I Line Profiles

The line profiles of various He I lines show small bumps on each side
of the center of the line. These bumps are on all lines and have been
identified to be instrumental. Their intensities relative to the intensity of
the line is of the order of 10~4. Possible plasma satellites are thus even
weaker and we have an upper limit S < 10—4. The intensity ratio of the
satellites to the allowed line is given by Baranger and Mozerl.
2 2 2 2 2
S+ =4 <Ep> Rzz, / 6m” e” (A * Q)7
At our densities § is small compared to A. We can obtain thus an upper

limit for possible electric field fluctuations.

kg% < 200 ¥
m




10.

11.

References

M. Baranger and B. Mozer, Phys. Rev. 123, 1 (1961).

H.-J. Kunze and H. R. Griem, Phys. Rey. Letters 213 1048 (1968).
H.-J. Kunze, H. R. Griem, A, W. DeSilva, G. C. Goldenbaum and

I. J. Spalding, Phys Fluids 12, 2669 (1969).

W. S. Cooper III and H. Ringler, Phys. Rev. 179, 226 (1969).

G. D. Ward, University of Maryland Technical Report 71-027.
Semicon Associates, Tech. Bull No. 102 (May 11, 1969).

H. A. Gieske and H. R. Griem, Astr. J. 157, 969 (1969).

R. Mewe, Brit J. Appl. Phys. 18, 107 (1957).

H. R. Griem, Plasma Spectroscopy (New York: McGraw-Hill Co.) (1964).

S. P. Cunningham, ﬁ.S.-Atomic Energy Comm, Report No. Wash-289
p.- 279 (1955).

H. W. Drawin- and H. Hinning, Z. fur Naturf. 22a, 587 (1967).



- o

He

WQ—*?— T

\%
l.. Q,cC"Fl(_all
va cvuem ‘\
- — ?CLC\ *‘g\(\/
i i \
— b \
i
! s l ro th A
- Cofied
B | '| J' o II : ( :[é cathodcs &:.')—-I—WQ.C
Ly ! |
] | | } .‘
- .‘\\ /t._l
mggne.i-c‘.; é \l,
CO.\.‘ . ) . .
D\ﬁ.us‘on - HV
o i
N ——
Qart A
:’oc,o.’e_ \/3

4{?“’3‘”‘— 4 &[;’,c,\’ron 8\.10



| water- coolecl

4 carhode

2 anode with gquel |
3 5\'0."\1\\;5; /a\'\’_c’,\ ng,(:or\’
H cergmic 3v(>(>or}-

5-¢-17 c\'\o‘,\g\(c\gms

WY 100ov
500 mA

+
i

T
i
¢ (]
=N
SR

vl

>€ YISV A.C

e |

M

U

ROBE

,ngvr;c, ﬁ_/ {bar‘" H

L
|

Yaciac
lament
"\“O.nsformtr
1is v /6.3v
ioA
LS00V &05\)]&.}10-{\
Acale 47

ca}-goc.)e_ - G OG!C_



470 A

. 3I~N© 3
p P - kd D

He L

1
N

TSI s S 6 b T e A

DR T e,

l
H _
1 ! 1 P .
P Lo R E
— I . ‘lr.hllhvr,l.!lr.vl.?l.l.!..r ———
el
S . 10 Vo
0 L A R A T V2 A )
. : | TR B [
I I
\ il [ H
. e RN w,_“_._,,_f
. N ! .
e cmie o . Poega b TS RS S
R
[ SN .A, : _ '
o s SR R .
C s P
b e _. RO . i, , - et
. ; BRE i 1
: - [ O R
X m ,,“. [ :
B A R N
: i ! S N R B
SN VR NI G
. s N ey ]
[ ! . e
P ” e n\\\ RN
. ; b .
i ' _m ; or_w J.!..,<Tu;w.
| i L JER eSS RN '
ol I B O et g SN OTRL R }
P RS S SRR
1 . . . ! .
b - t— 1 Bt I '
{ - - s T R
. v, i. . :
t [}
- M_nrwlr E
I ;
R PRI 1
[ I I TR
[ _ ' ﬂ_
B P!
i v
po _» e
| N .ll-vm.!
4
|

<ol

[,

3omA
51072 Toee

aqm“e,l- F\Aex O.5m

" abiks LN, second ecder
(EC.C.h"c - bca m
He fare_ SHVUre.

P

Qe Ph = 392
— 789 'Il~hA

bLh i/kK
q\mom?q -wm%w

Surﬁ 3

Le

4



e e L h:

el i, 'm,,,; gi’;a b *ﬁii'?

USRI AT R edais ety ol

'a/a,r fLY - /»\/J?‘ c.ym
AR 23}: , Neemel suelel
e.Yi,c,\lﬂ’\ \’xam 3 m A

(ﬁl%urc ¥ ;:;
]

—

He glemne §e1s > Toce



‘., , ,
TR ; : uE T :
L. ER B ettt | -
BeERREaux BEfiazaanantns Re B RapeaRgnguiy } yiagREay JaRanns
T TR T Fl- T
MRRNEE PN } 1} CCLT LT A
A H S AR e T T - FRARRRneas +
| Eals :
gREERERE O e T R e E T
R AR T e P R e S 3
RN BRRAne KAt naua R kun eHE RS LR e e RaRbunakusbayakag
e T P T - SEREmscRNIRESRRAREEIANES
RN LI N 6 S O — -] e 4 [ - NERRS
S Her i Bk L et e R e e e R e e T
W R - BaEgpaddad b santk ; 1 npl e R i
: R T T L T E Rangaa JEEEaRaNn ARk RanEREn E
1] ghasRaEEE s Rav o e ek e R nah REaashutaat
T [EREE Uy Ran T T TR T AT e S AN R p o
I3 - : ! - a A anaxdall PR e 13 1
| H - RE BruR g g GRtny ol i b TR F e T i J
-4
RRCH R LA RS ot - RABARARFRAEREREARRA s RUERY : !
WRRNA AN EERER R RN - 2 Huan ; | !
R ERRRasRRRES MEes L Ry Fhrbneh e H e 4 :
TR e ; ek L 2 REd T + = ;
REjssas -+ et o B T . d
TAH ;w» ww‘wv I HEENESY SRR su T T " 2 BT O N -
] gEnn I B - PN ] R St o M (11 B N i N
e L. it~ b ed ) 4 4 ot -l et e ol o -4t olopd—fop ol Attt et | 4 4] t--
: AR At e AR SE AR NRRRLY L L e o A L Feey - i .
i SASRNUERRERRRESS - S : L R naky 3 ﬁ
j—t et . - - L s 14 === miny 4] b SENN i B -
: FHF R e f RS R aaaaRRae S
1 AeSapignypenppy]unutuynaun T sy s EERRgEseEuns TR
S R R T i sRiisacay SriEn
RERESE ] T L
REENREN i P L aad 50
H I AusuannaRnanAy BENRYSuRng A
1 T T T =
aynkdstulhas ¢ SAuARURERRARREE WA e 5
! y e I
T crbe R T 5 HE i =
ASWN NN S BENEN i ,ﬁ 1 Y \
R S % \
Eatfest o T ERARE st i
- f-3-3.1. ot ] - L 4~m . <
i F e whady EaalE i !
uiuasung uw Spuiy TTE
- saEdanaRtabl - S
o o : .
T M TR e RS S DER REER e eREN » e
ARBERER B GhA BU R AR TS A X - - B
L1 mEarAEngCREndu v iy EEEREN 1 EES SRS NN
| cE e RERREAS
A T e R R
T ST 7 T =
B P e SRl RApanRaRuE:
SHIRastH RERRISTSARERISES o
.- L NN LR THe L aka : N ¥
PR R A e e L e o
i P e B LR R ARREE! EEmas ™
H REARSuEais T
M RN <33 Ll m,4v - AT REAN " PR RARNNEN
1} PR e R T R TR R A EaEAausatans
:
03 3 B 0 R I N L gL SENENNESENEE N
H T : : ERRaan
- L S
R EEEEEy a5 '
=RRanas pawn TR !
r g nu NN 1 AN EROWE RN DA t
; pRamuiginugankn g REngaNy
L Fl-1 -t depepdaadd eded - - | e $ftb fotatdad
s SR SR
vy - SRR SR B 4.
: .
Egstremaampran Shh=sap ans
] v I

‘OD HASSI P 1RJL4NANM

; » yU5CN N1 30VH WD ST X 8l =0 g
. . Nwm—mwmmpmz_thumxkOho_xoﬁW.ué;_



T et ool
e e
J‘ OV.n IS

T .
ey
|
:

VSN NLIGYW

S

B T T e

S EON ¥ S0aT1 el w8y LTI LT

LTS
P

a1

0y

i

R Il
]

Lm—— ""‘.".“V".

Q{LS\NC‘ e



